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Epidemiology of penicillin resistance in Streptococcus 
pneumoniae isolates in eastern France 
Daniel Talon, Blandine Mulin, Marie-Jeanne Dupont, Anne-Marie Chareton and 
Michelle Thouverex 
Laboratoire d'Hygikne, CHU Jean Minjoz, BesanCon, France 
Objective: To assess the rates of intermediate and high-level resistance to  penicillin among Streptococcus pneu- 
moniae isolates and to  identify clonal relationship of isolates within the different serotypes by means of pulsed-field gel 
electrophoresis. 
Methods: We studied all clinical isolates obtained between April 1995 and March 1996 from patients admitted to  10 
hospitals in eastern France. Antibiotic susceptibility testing and serotyping were performed on all isolates. The genetic 
polymorphism of isolates susceptible, intermediately resistant and highly resistant t o  penicillin was studied by using 
pulsed-field gel electrophoresis with Apal and Smal endonucleases. 
Results: The prevalence of intermediate and high-level resistance was respectively 30.3% and 9.7%. Diminished 
sensitivity t o  penicillin was mainly encountered in  serotypes 6,9V, 14 and 23F. The 9V isolates from the different hospitals 
were genetically closely related, unlike the 23F isolates. Different levels of resistance (MICs from 0.5 to  2 mg/L) were 
expressed by closely related isolates. Three 9V isolates, three capsular-type 14 isolates and one non-typeable isolate 
were genetically closely related in studies with the two endonucleases. 
Conclusions: The capsular type was not a good indicator of genetic relatedness. The level of penicillin resistance was 
independent of the clonal classification. Horizontal gene transfer may be the main factor determining the degree of 
resistance. 
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INTRODUCTION 
Streptococcus pneumoniae strains with diminished penicillin 
sensitivity (penicillin-resistant pneumococci, PRP), 
characterized by reduced affinity of penicillin-binding 
proteins for p-lactams [I], result kom genetic recom- 
bination with other closely related species [2-41. The 
prevalence of PRP is partly explained by clonal spread 
[5,6] and partly by horizontal gene transfer between 
strains of Streptococcus pneumoniae [7-91. 
Regional observations of resistance in Streptococcus 
pneumoniae in France showed a prevalence of P R P  
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(defined as minimum inhibitory concentration (MIC) 
of benzylpenicillin >0.06 mg/L [lo]) in 1995 ranging 
from 20.6% to 40%, with a modal value of 33% [ll]. 
These marked regional variations have been observed 
in Spain [12] but not in Switzerland [13]. High-level 
resistance to benzylpenicillin (MIC > 1  mg/L) is also 
increasing, calling into question certain therapeutic 
strategies based on the assumption of low-level 
resistance [14]. In France, the prevalence of high-level 
resistance ranges from 5% to 39.9% [11,15,16], and 
does not correspond geographically to that of PRP: 
such highly resistant strains represent 13.2-68.3% of 
PRP isolates in the various regions, and regions with a 
high prevalence of PRP do not necessarily have a high 
prevalence of high-level resistance. 
Various phenotypic methods have been used to 
study the epidemiology of Streptococcus pneumoniae; sero- 
typing and multilocus enzyme electrophoresis seem to 
be the most discriminatory [17], but difficulties are 
associated with variable expression of the polysaccharide 
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capsule in serotyping, and some isolates are not 
typeable. Molecular biology-based methods include 
ribotyping [18], amplification of genomic sequences 
[19,20] and analysis of restriction patterns of total 
DNA by pulsed-field electrophoresis [17,21,22]. These 
methods have been used to study the contribution of 
clonal spread to the prevalence of PRP in several 
countries [17,23]. 
The aims of this study were to measure the 
frequency of high-level resistance in eastern France, 
and to establish the role of clonal spread by means of 
macrorestriction analysis. 
PATIENTS, MATERIALS AND METHODS 
Isolates 
Three hundred and ninety Streptococcus przeurnoniae 
strains were collected from pathologic samples in 10 
hospitals in the Franche-ComtC region of France 
between 1 April 1995 and 31 March 1996. All possibly 
significant infecting or colonizing pneumococci were 
eligible for inclusion. 
Sensitivity to antibiotics 
All isolates were tested by the disk diffusion method in 
the local laboratories and considered sensitive if the 
inhibition zone diameter round the oxacillin disk was 
at  least 26 mm (5-pg disk) or 20 mm (1-pg disk) [lo]. 
One hundred and eighty-two isolates not classified as 
sensitive were tested in the central laboratory in 
BesanCon hospital for the MIC of benzylpenicillin, 
amoxicillin and cefotaxime, by the E-test method 
and the agar dilution method (reference method) in 
Mueller-Hinton medium enriched with 5% sheep 
blood [24]. Resistance to erythromycin, co-trimoxa- 
zole, chloramphenicol, tetracycline, rifampicin and 
sparfioxacin was identified by the disk diffusion method 
in the local laboratories and classified according to the 
criteria of the Comite de 1’Antibiogramme [lo]. 
Serotyping 
Serotypes of 21 1 isolates (73 penicillin-sensitive and 
138 PRP isolates) were determined using the latex 
reagent prepared by the Centre National de Rkfirence 
des Pneumocoques (Dr P Geslin). 
Molecular typing 
One hundred and seventeen randomly selected isolates 
(sensitive, rt=37; intermediately resistant, n=60;  and 
highly resistant, rz=20) were typed by determining 
the macrorestriction pattern of total DNA by pulsed- 
field gel electrophoresis (CHEF DRIII, Bio-Rad) as 
described by Talon et a1 [25]. The restriction enzymes 
SinaI and Apd were used separately. 
Comparison of DNA patterns 
We used GelCompar software (Applied Maths) to 
establish the DNA similarity matrix based on the 
Dice coefficient (2-by-2 strain comparisons). The 
dendrogram was constructed by using the UPGMA 
(unweighted pair-group niethod using arithmetic 
averages). To ensure the comparability of the gels, we 
used Staplzylococrur aweus NCTC 8325 as reference 
strain. Major genotypes are defined as those showing 
DNA similarity below 85%; they are identified by a 
number and each of their variants is indicated by a 
suffix letter [26]. 
Combined-gel analysis 
To increase the sensitivity of the typing method and 
thereby observe minor fluctuations within a given 
clone, gels obtained after separate restriction with each 
enzyme were combined and the resulting patterns were 
compared as described above. 
Epidemiologic study 
The file on each isolate contained demographic data 
(patient‘s age and sex) and bacteriologic data (sampling 
date and site, and antibiotic susceptibility). 
Statistical analysis 
Data were entered with Epi-Info software. Two logistic 
regression analyses were done: the first to identify risk 
factors for colonizatiodinfection with pneumococci 
with diminished sensitivity to penicillin, and the second 
to identify risk factors for colonization/infection with 
pneumococci with high-level resistance to penicillin. 
Variables significantly linked to colonizationhfection 
(a=10%) in a univariate analysis were entered in a 
multivariate model with an ascending stepwise pro- 
cedure. Statistical analyses were done on BMDP 
software. 
Penicillin resistance and serotypes 
The oxacillin disk diffusion method identified 176 
(45.1%) (5 pg) and 182 (46.7%) (1 pg) of the 390 
isolates as P R P  The rate of intermediate resistance 
(MIC of benzylpenicillin > 0.06 mg/L and 2 1 mg/L) 
was 25.5% (100 isolates) in the E-test and 30.3% (1 18 
isolates) in the reference method. The rate of high- 
level resistance to benzylpenicillin (MIC > 1 mg/L) was 
11.5% (45 isolates) in the E-test and 9.7% (38 isolates) 
in the reference method. Diminished sensitivity to 
anioxicillin and cefotaxime (MIC >0.5 mg/L and 1 2  
mg/L) was identified in respectively 101 (25.9%) and 
43 (11%) isolates, and 2 (0.5%) and 0 isolates were 
highly resistant (MIC > 2  mg/L). One hundred and 
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Table 1 Penicdlin resistance and serotype 
Isolates 
Resistant 
Number of 
Serotype isolates Susceptible Low-level High-level 
~~ 
N T  * 
1 
3 
4 
6 
6A 
6B 
7 
7F 
8 
9N 
9 v  
1 OA 
11A 
11B 
14 
1 5A 
15B 
1 5 c  
17F 
18C 
19 
19A 
19F 
20 
22 
23F 
24 
31 
33 
35A 
35F 
38 
Total 
6 
1 
10 
1 
18 
1 
1 
1 
2 
2 
1 
29 
2 
3 
1 
21 
5 
2 
2 
4 
1 
1 
3 
10 
3 
4 
71 
2 
2 
4 
1 
1 
1 
217 
4 1 1 
1 
10 
1 
9 8 1 
1 
1 
1 
2 
2 
1 
1 
2 
3 
1 
3 
1 
25 
12 
4 
2 
1 
1 
2 
1 
3 
1 
1 
1 
10 
3 
4 
1 42 
2 
2 
3 1 
1 
1 
1 
28 
77 101 39 
*NT, non-typeable 
thrty-eight isolates with diminished sensitivity and 73 
sensitive isolates were serotyped; six strains (2.6%; four 
sensitive and two PRP) could not be serotyped. Among 
the sensitive isolates we identified 32 different sero- 
types, each serotype Comprising 1-10 isolates. The 138 
serotyped PRP isolates were distributed in 13 sero- 
types, ofwhich four predominated: serotypes 6, 14, 9V 
and 23F comprised respectively. 9, 18,28 and 70 isolates 
(Table 1). 
Resistance to other antibiotics 
Overall resistance rates were: erythromycin 35% (137 
isolates), co-trimoxazole 38% (148 isolates), chloram- 
phenicol 28% (109 isolates), tetracycline 26% (101 
isolates), and sparfloxacin 12%) (47 isolates). None of 
the isolates was resistant to rifampicin. Only 17 (11%) 
Table 2 Main circumstances in which the pneumococci 
were isolated 
Variable 
No. (%) of patients 
(n=390) 
Sex 
Male 
Female 
Age 
5 15 years 
> 15 years 
264 (67.7) 
126 (32.3) 
139 (37.8) 
229 (62.2) 
Hospitahzed in: 
Medical and surgical units 328 (85.9) 
Intensive care umts 54 (14.1) 
Source of isolates 
EET” 
Blood 
Cerebrospinal fluid 
Respiratory tract 
142 (36.4) 
67 (17.2) 
7 (1.8) 
174 (44.6) 
Invasive strainsb 
N o  292 (74.9) 
Yes 98 (25.1) 
’EET, eyes-ears-throat. 
bInvasive strains: cerebrospinal fluid, blood and protective samples 
from pulmonary tract. 
PRP isolates showed isolated resistance to p-lactam 
agents, and 44 (28%) PRP isolates were resistant to all 
the antibiotics tested except rifampicin (six were sero- 
typed serotype 9V comprised two isolates and serotype 
23F comprised four isolates). 
Epidemiologic findings 
Two-thirds (64%) of the pneumococcal infections 
occurred during winter and spring. The percentage 
of PRP varied from 33% to 58.7% according to 
the hospital. The main circumstances in which the 
pneumococci were isolated are described in Table 2. 
Risk factors for colonizationhnfection with strains 
with diminished sensitivity in the univariate analysis are 
indicated in Table 3. Age under 16 years was the only 
significant factor in the multivariate analysis. Among 
139 patients less than 16 years, 115 children (only 
one child was hospitalized in a day-care center) were 
less than 4 years and colonized/infected with 65 PRP 
strains (53 intermediately resistant and 12 highly 
resistant) belonging predominantly to serotypes 6, 14, 
9V and 23F (comprising respectively seven, six, seven 
and 29 isolates) and 50 sensitive strains. The only risk 
factor for colonizationhnfection with a strain with 
high-level resistance in the univariate analysis was the 
site of infection: the eyes, ears and throat were more 
frequently positive with highly resistant strains (blood 
culture: odds ratio (OR)=1.19, CI=0.38-3.73; CSF: 
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Table 3 Risk factors for PKP colonization/infection 
Variables 
Unwariate analysis 
Odds ratio 95% CI 
- Multivariate analysis 
Odds ratio 95% c1 
Age < 16 yean 
Sex female 
Hospitalization in ICU 
Source of isolates: 
EET 
Blood 
CSF 
I’ulmonary 
1.7 
1.7 
0.49 
1 
0 71 
0.79 
U.30 
1.1 1-2.61 
1 .I 1-2.61 
0.26-0.94 
1.68 
NS 
NS 
1.09-2.59 
NS - 
n 40-1.29 
0.17-3.69 
0.32-0.79 
ICU, intemive care unit; EET, eyes-ears-throat; CSF, cerebrospinal fluid; NS, not significant. 
OK=O.51, Cl=0.042-6.26; lungs: OR=0.33, CI= 
0.13-0.73). Among seven cases of pneumococcal 
meningitis, four isolates were sensitive (serotypes 3, 
15B, 17F and 33), two intermediately resistant (sero- 
types 6 and 9V) and one highly resistant (serotype 23F). 
Well 
673.7 
36 I 
324 
262 
257 
208 
175 
135 
117 
80 
76 
44 
36 
Figure 1 DNA pattcrns of Stveptococcus pneumorziae after 
macrorestriction with ApaI and  Smal. Lane 1: Strepcororcus 
pr~eirmoniae isolate no. 092 after macrorestriction wi th  A p d .  
Lane 2: Streptococcus pneurnoniae isolate no. 092 after macro- 
restriction with SrnaI. Lane 3: Staphylococcus aureus NCTC 
8325 after macrorestriction with SmaI. 
Typing results 
The patterns obtained separately by restriction with 
ApaI and Slnd were composed of 11-14 fragments 
with sizes of between 44 and 680 kbp (Figure 1). The 
reproducibility of the typing method was measured 
by calculating the DNA similarity indices from the 
patterns obtained with Staphylococccrs aurens N C T C  
8325 and five strains of Streptococcus pneurnoniae in the 
different electrophoresis runs. Reproducibility ranged 
from 89.8+0.0% to 94.5+0.0%. The stability of the 
patterns was checked by calculating the DNA similarity 
indices from patterns obtained with two strains, each 
isolated twice from one patient at intervals o f  18 days 
and 24 days; the similarity indices were respectively 
88.9*0.0% and 97.3&0.00/1. 
Genotyping based on Apal macrorestriction patterns 
One hundred and seventeen isolates yielded 73 
different patterns (40 patterns corresponding to 80 
PKP strains and 33 corresponding to 37 sensitive 
strains). None of the patterns were shared by sensitive 
and PKP isolates. One pattern included three serotype 
14, three serotype 9V, one serotype 23F and one non- 
typeable. Table 4 shows the results obtained for the 
four serotypes in which PRP were most frequently 
encountered. Figure 2 shows the MICs and geographic 
Table 4 Patterns demonstrated in isolates froin 
predominant serotypes with diminished susceptibility to  
penicillin 
Numbcr of 
genotyped isolates Number of 
Number of isolates/ 
Serotype Su5ceptible PRP patterns pattern 
23F 0 35 18 1-5 
6 - 8 7 1-4 
14 0 14 11 1-4 
9 v  1 17 6 1-9 
3 
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4 
Pattern 
a 
a 
a 
a 
a 
a 
a 
i b  
l c  
4 
5 
6 
Peni G' 
MIC 
.25 
.50 
1 
1 
1 
1 
1 
1 
1 
1 
0.50 
0.07 
2 
Hospital 
Vesoul 
Pontarlier 
Pontarlier 
Besangon 
Montbeliard 
Dole 
Vesoul 
Pontarlier 
Pontarlier 
Vesoul 
BesanGon 
Figure 2 DNA patterns, MICs and geographic origins of isolates belonging to serotype 9V. *E-test results. 
origins according to the types and variants of isolates 
belonging to serotype 9V. 
Macrorestriction patterns obtained with SmaI, and 
combined analysis of the gels 
Twenty-two isolates belonging to three groups were 
studied after SmaI macrorestriction: group 1 comprised 
six isolates of serotype 23F, with benzylpenicillin 
MICs (as determined by E-test) of 0.5-2 mg/L; group 
2 comprised 12 isolates belonging to either sero- 
type 14 (n=2) or serotype 9V @=lo), with MICs of 
0.5-2 mg/L; and group 3 comprised four isolates 
of serotype 6 with MICs of 0.5-1 mg/L. The 
macrorestriction patterns of the two enzymes were 
concordant for strains in group 2,  which were 
thus all clonally related. Macrorestriction with SmaI 
yielded three band differences between one strain 
in this group (MIC=l mg/L) and the 11 others 
(MICs=0.5-2 mg/L) (Figure 3). The four isolates in 
group 3, identified as belonging to the same clone with 
ApaI, were separated into two types with SmaI; this 
result was confirmed by analysis of the combined gels. 
However, visual analysis of the SmaI pattern raised 
a problem of normalization. The group I isolates 
distributed in four different genotypes on the basis of 
the ApaI macrorestriction pattern were classified in 
three genotypes with SmaI; this result was confirmed 
by analysis of the combined gels. The four serotype 23F 
isolates identified as belonging to the same clone on the 
basis of analysis of the combined gels had MICs ranging 
from 0.5 to 2 mg/L. Isolates 190 and 9, which appeared 
to belong to the same clone on the basis of ApaI 
macrorestriction, were shown to belong to two 
different types when the gels were analyzed together. 
In contrast, isolates 9 and 174, which were classified as 
two different types with ApaI, were shown to belong 
to the same clone by analysis of the combined gels. 
DISCUSSION 
The prevalence of Streptococcus pneumoniae isolates with 
diminished susceptibility to penicillin is worrying in 
eastern France, being higher than that in other French 
regions [ l l ]  and the USA [27]. In contrast, the pre- 
valence of high-level resistance in Franche-Comti, 
although high, is lower than in other regions [l  1,161. 
Therapeutic problems linked to this high prevalence are 
compounded by the frequency of cross-resistance to 
many other antibiotics, our results confirming data 
from other studies [27,28]. Resistance is not evenly 
distributed among the different serotypes: the serotypes 
with high rates of resistant strains in Franche-Comti 
(serotypes 23F, 9V, 14 and 6) are the same as those 
identified in other countries and regions [12,16]. 
Age under 15 years was found to be a risk factor 
for colonization/infection with PRP isolates, confirm- 
ing studies by Bidos et al [29] and Lee et al [28]. Our 
results show that penicihn resistance is preponderant 
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Serotype 
9* 23F 
174’ 23F 
23F 
23F 
190’ 23F 
23F 
14 
14 
9v 
9v 
9V 
9v 
9v 
9v 
9v 
9v 
9v 
9v 
6 
6 
6 
6 
Peni G* 
MIC 
1 
0.50 
0.50 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
2 
0.50 
1 
1 
1 
1 
1 
0.50 
* no of strain 
Figure 3 Combined-gel analysis of DNA patterns of Streptococcus pnerrnloniae isolates. *E-test results. 
among strains usually carried in the nasopharynx of 
the children. These strains are responsible for invasive 
infections before 4 years, whereas in adults, invasive 
infections are most frequently caused by other sero- 
types. 
As in previous studies [22,23], serotyping alone 
was insufficient to identify clonal spread, whereas the 
macrorestriction patterns clearly revealed different clones 
within a given serotype. The identification of isolates 
belonging to different serotypes within a well-defined 
clone confirms studies demonstrating recombination of 
capsular genes [7] and raises the question of whether 
serotyping is an appropriate first-line typing method. In 
Franche-Comtt the contribution of clonal spread to 
the high prevalence of PRP isolates appears to vary 
according to the serotype (more common in serotype 
9V than in serotype 14) as reported in a Paris hospital 
Combined-gel analysis showed that clonal links 
among epidemiologically related isolates can be refined 
by using a second macrorestriction enzyme; in other 
words, combined use of two restriction enzymes in- 
creases the discrimination of the technique. Indeed, it 
allows clones to be classified on the basis of a larger 
number of restriction sites (twice as many on average 
in our study), thereby minimizing the influence of 
[161. 
minor genomic events which can lead to mis- 
classification (epidemiologically linked strains classified 
in different types) when a small number of sites is 
analyzed. 
This study shows that the degree of resistance 
is independent of the genomic classification of the 
isolates; this reflects horizontal gene transfer, which is 
probably common within dominant clones in terms of 
carrier frequency. Most of the serotypes associated with 
frequent carriage, e.g. serotypes 14 and 6, are more 
frequently associated with severe, invasive infections 
[30]. Ongoing surveillance of Streptococcur pneumoniae 
resistance to antibiotics is therefore crucial for rapid 
adjustment of therapeutic strategies, and to minimize 
the risk of first-line treatment failure. 
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